Introduction
Rice is the major staple of over half of the world's population. It is the most important crop in the life and economy of Asian countries. In Bangladesh, nearly 80 per cent of crop land is planted to rice producing about 35 million tons of rice annually. It provides employment opportunity to nearly half of the country's total population. Bangladesh has had a rich treasure of indigenous rice cultivars and landraces. However, with the advent of high yielding, fertilizer responsive, short duration varieties of modern rice, farmers gradually abandoned cultivation of indigenous varieties. Most of the indigenous cultivars and landraces that endured generations and centuries are now extinct and those still survive remain threatened. Farmers grow traditional rice only in areas where agro-ecological conditions are not favorable for growing HYVs. These traditional cultivars are in fact landraces [1] . Most traditional aman rice cultivars are tall, long duration, and photoperiod-sensitive with low yield potential. Farmers in tidal floodplain of Jhalakati and adjoining areas of Pirojpur, Barguna and Patuakhali districts covering substantial area of Southern Delta Region [2] grow traditional aman rice cultivars. The region is at the proxymity of the sea and inland estuaries, and influenced by tides. Lands are subject to seasonal flooding and remain inundated July through October. High tide followed by low tide twice a day is the characteristics feature of the Gangetic Tidal Floodplain ecosystem. Tidal floodplain constitutes an important agro-ecological zone covering an extensive area in the south central coastal region of Bangladesh [3] . Brammer [4] provides general features of tidal floodplain. Crop production is seriously constrained with uncontrolled floodwater during the wet season. The high yielding modern rice varieties are dwarf and semi-dwarf and not suitable for growing in medium highland and medium lowland subject to inundation due to tidal flooding. Thus farmers in the region grow tall statured traditional cultivars. Farmers of non-saline tidal floodplain ecosystem cultivate five major indigenous cultivars-Sadamota, Lalmota, Moulata, Nakhuchimota and Dudhkalom in extensive areas of Jhalakati and adjoining districts during aman season [5] . In an earlier paper [6] we reported that indigenous varieties performed better than modern varieties in the tidal floodplain of Southern Delta region. Bangladesh is one of the most vulnerable countries to climate change and sea level rise is predicted to affect a substantial part of the country. Agricultural production in the Southern Delta is predicted to be greatly affected. In view of increasing impact of sea level rise due to climate change [4] [7] cultivation of indigenous rice varieties is likely to persist so long appropriate long-statured HYVs are developed and introduced.
Indigenous rice cultivars grown in the tidal floodplain are tall with low yield potential [8] [9] . Low yield of indigenous varieties might be associated with farmers' evolved production practices for growing indigenous varieties or genetic yield potentials or both. High yield potential of indigenous cultivars has also been reported [10] [11]. High yields in rice are associated with large numbers of spikelets per unit area [12] and the weight of individual filled-spikelets. The number of spikelets per unit area depends on the number of panicles and the spikelets per panicle. Apart from varietal characteristics, planting density has large bearing on the number of productive tillers developed per hill or unit area. The number of spikelets per panicle is a highly variable trait that differs due to agronomic management including planting density, planting methods, row-and plant spacing, seedling age, etc. Agronomic management seeking increased productivity of indigenous rice cultivars has not been reported.
Planting methods giving variable plant spacing has significant effects on grain yield, tillers per unit area, panicles per hill and total spikelets per unit area [13] . In rice growing areas including Bangladesh row configurations are commonly maintained in transplanted rice. In fertile soils, transplanting at wide rows can show marked effects on grain yield if there is sufficient weed control [14] - [16] . However, the effect of row configuration on high tillering crops like rice is more ambiguous [17] [18] . Row spacing did not significantly influence grain yield of rice although there was a strong tendency towards increased grain yield with 18 cm drill-row spacing [19] . Awan et al. [20] reported the highest grain yield (6.02 t/ha) in line transplanting and the lowest yield (3.3 t/ha) in the randomly transplanting field. Row spacing, however, depends largely on the plant type and soil fertility conditions. BRRI [21] recommends row spacing of 25 cm × 15 cm for growing high yielding modern varieties of rice under irrigated lowland conditions. The spacing corresponds to a density of 26.67 hills•m −2 . In contrast, farmers in the southern districts grow traditional rice cultivars randomly transplanted maintaining about 4 -5 hills•m −2 . Such sparse transplanting of seedling is being popularized in China. Xu et al. [22] reported a favorable response of hybrid rice to "super sparse transplanting" giving identical grain yield at a wide range of planting densities between 7.51 and 21.64 hills•m −2 suggesting high plasticity of rice growth and yield formation to population density and planting configuration. Zaman et al. [23] compared yield performance of an indigen-ous cultivar Biroyen with two modern varieties, BINA dhan 7 and BRRI dhan 34 and observed the highest grain yield and biomass yield in indigenous cultivar transplanted at 50 cm × 50 cm spacing. In contrast, Duy et al. [24] reported greater yield potential of conventional transplanting with higher population density compared to sparse planting.
The age of seedlings at transplanting is an important criterion in rice production as it primarily contributes to the number of tillers produced per hill [25] . While the use of over-aged seedlings retards the general performance of crop and reduces the yield of crop [26] , transplanting younger seedlings results in increased tillering, panicles per hill, more spikelets per panicle and thus higher yields per unit area. Reports on the benefit of transplanting young seedlings abound. System Rice Intensification or SRI stands on two basic principles-transplanting 8 -15 d old seedlings, at wider spacing. Use of younger seedlings helps better stand establishment reducing transplanting shockand promoting early tiller formation. Sparsely planted seedlings can harness soil and aerial environment better for nutrition, solar radiation and CO 2 . Conversely, transplanting at narrow spacing increases inter-and intra-plant competition reducing growth and yield. Transplanting young seedlings of below 10 days of age in SRI, which produce higher number of tillers than normal rice production systems, contributes to higher grain yields [27] .
Stoop et al. [28] reported that rice seedlings transplanted before commencing the fourth phyllochron retained their higher tillering potential than that of seedlings of more than 14 days old. Makarim et al. [29] observed that 14-day old seedlings performing better than transplanting 21-to 23-day old seedlings. McHugh et al. [30] and Thiyagarajan et al. [31] observed highest yields with 8 -15 days old seedlings transplanted at 25 hills•m −2 in Madagascar and with 10-day old seedlings in Sumatra. Krishna et al. [27] observed high grain yields of 3.25 t•ha −1 with 12-day old seedlings than 8-, 16-and 25-day old seedlings and the yield decline of seedlings of latter three ages was primarily attributed to the reduction in the number of tillers. Hu et al. [32] demonstrated seasonal variation in the optimal seedling age. Although there are many reports of the benefits of transplanting younger seedlings [33] , few researchers have examined seedling characteristics required for growing rice in unfavorable environment determining the contribution of young and older seedlings to plant growth and yield formation. Because of unpredictable tidal flooding depth and the risk of submergence at early growth stages, transplanting of older seedlings is practiced in South-and Southeast Asian countries [25] . To withstand the high water level, seedlings must be tall and most of the leaves must be above the water level. To decrease the chance of crop loss or damage, farmers transplant old seedlings. Shamsuzzaman and Haque [5] observed most farmers in lowlands and medium highlands of Jhalakati district transplanting 60 -90-d old seedlings of indigenous varieties of rice in aman season when tidal flood level remains high. This is done mainly because land topography and hydrological condition do not favor growing modern varieties. Seedlings of indigenous varieties grow faster and taller than modern varieties. Our earlier findings [34] indicated that depending on toposequence 45 -60 day-old seedlings of indigenous varieties grow sufficiently taller to cope with depth of tidal flooding immediately after transplanting. Seedlings older than 33 days up to 55 days give better yield under late transplanting for long duration varieties [35] .
Throughout Asian countries and elsewhere farmers follow rice seedling transplanting in rows. In the inundated ricelands in the tidal floodplain farmers follow random transplanting of aged seedlings. Whether growing traditional varieties of rice in rows in tidal wetland can increase yield requires to be tested. As younger seedlings cannot cope with tidal flooding, whether transplanting at wider spacing helps producing large number of tillers as found in tidal floodplain requires to be investigated. Available literatures on seedling age at transplanting invariably focus on rice growing on medium highland under irrigated conditions where seedlings after transplanting normally do not encounter submergence due to tidal-or flash floods. Performance of seedlings of variable ages transplanted in non-saline tidal floodplain has not been adequately studied.
In this paper we report the effect of transplanting 45 d and 60 d old seedlings either in rows at 40 cm × 20 cm configuration or following farmers' traditional practice of random planting without maintaining rows on growth and yield of an indigenous rice cultivar Sadamota.
Materials and Methods
An on-farm trial was conducted in three villages covering two upazila (sub-district) in Jhalakati district of southern Bangladesh. Ten farmers of North Uttampur and Challish Kahnia of Rajapur upazila and Sachilapur of Jhalakati upazila were involved in carrying out the trial. The experiment site in North Uttampur is located at A. Hamid et al. 1541 22˚36.163'N latitude and 90˚9.899'E longitude, and in Sachilapur at 22˚33.057'N latitude and 90˚9.704'E longitude. On the east the river Bishkhali flows from north to south parallel to all the three villages. On the west the villages are bounded by a relatively small river Jangalia. Crop lands, mostly medium lowlands, in the area are typically connected with the rivers by canals. Plots are usually inundated to a varying degree during high tides twice daily in the rainy season. Mean annual rainfall was about 2700 mm; over 77% of rainfall occurring during June through October. Mean temperatures during the growing season ranged between 18.3˚C and 33.1˚C. Soils in the study areas are clayey and clay-loam with low N, very low P, medium high K, high S, medium low Zn and very high contents of Ca, Mg, Cu and Fe [36] .
Each participating farmer planted rice crop in a large plot. Plot size varied between 0.134 ha and 0.385 ha. Seedlings of two age groups-45 d and 60 d, and two planting methods-transplanting in rows, 7 seedlings per hill, at 40 cm × 20 cm configuration, and farmers' practice of random planting using 9 -11 seedlings per hill formed the treatment variables. The 2 × 2 factorial experiment was set up in a randomized block design. The 10 farmers' plots accommodating the experiment constituted replications.
Seedlings of aman rice (cv. Sadamota) were raised in nursery beds. Variety Sadamota is an indigenous variety extensively grown in the Southern Delta region of Bangladesh. A common nursery bed was established for two villages in Rajapur upazila and one for Jhalakati upazila. Seeds were soaked for 24 hrs followed by incubation in dark room for about 48 hrs and pre-germinated seeds were sown in the seedbeds at two different dates 12 June and 27 June, 2012. No fertilizers were applied in the seedbeds. Seedlings of two batches were uprooted on 12 August 2012 and transplanted in the selected plots. Prior to transplanting, land was prepared by walking-type tractor and a moderate dose of fertilizers (40 kg N, 15 kg P 2 O 5 , and 25 kg K 2 O per ha) was applied and incorporated into the soil at final plowing. Top dressing of N fertilizer at around panicle initiation stage could not be done due to continual submergence of land.
At the time of transplanting, three samples each of 100 seedlings were taken at random from each batch of seedlings. Sampling was done carefully uprooting the seedlings from the seedbed. Sampled seedlings were washed in clean water and sub-samples each of 10 seedlings were taken to measure the length of seedlings. Sample seedlings were oven dried at 70˚C to a constant weight and dry weight recorded.
Transplanting in rows at 40 cm × 20 cm configuration should have a density of 12.5 hills•per•m 2 . We measured the hill density immediately after transplanting and observed that the density ranged between 8.4 and 10.3 with an average of 9.7 hills•per•m 2 . In the farmers' practice of random planting, the density ranged between 4.8 and 8.6 with an average of 7.1 hills•per•m 2 . Such a large variation in hill density was not unexpected. In order to avoid lodging and reduce transplanting shock farmers transplanted during high tides and maintaining rows and hill density precisely in inundated field is difficult [3] . The crop was grown under wetland condition without irrigation. The land was sufficiently wet or inundated due to high rainfall coupled with tidal flooding. Pest incidence was minimal and no pesticide was applied. Weeding was not required as the plots were nearly weed-free.
Rice matured and harvested in early January 2013. At maturity the experimental crop was sampled from an area of 10 m × 5 m from the center of each sub-plot, threshed, grain moisture content determined using a digital grain moisture meter and grain yield recorded adjusting at 14% moisture content. Five hills were sampled at random from each sub-plot avoiding the border effect. Shoot length, the number of tillers per hill, effective tillers, total number of spikelets per panicle, and number of filled spikelets per panicle were recorded. 1000 grain weight was recorded using samples from the filled grains. Data thus generated were analyzed statistically and means compared using DMRT.
Results
Seedlings of two age groups were sampled prior to transplanting. Data on the variation in seedling characteristics pertaining to shoot height and shoot dry weight are presented in Table 1 . Seedling age had marked influence on shoot height and seedling dry weight. As expected, the shoot height and dry weight were higher in 60 day old seedlings than 45 day old seedlings, but the growth in height and dry weight was disproportionate with increasing age. In the older seedlings shoot dry weight increased by 90% in but the corresponding increase in seedling height was 26%.
Data on morphological characters of rice sampled at maturity are presented in Table 2 . Both seedling age at transplanting and method of transplanting exerted significant influence on the morphological characters of rice. The mean number of hills•per•m 2 recorded immediately after transplanting were 7.1 and 8.7 for farmers' practice and row planting, respectively; but the number of hills at harvest ranged between 5.0 and 6.7 per•m 2 across the treatments. Reduction in the number of hills over the growing season could be attributed to the damage or plant mortality due to tidal flood. It was apparent that reduction in hills was more in farmers' practice (30%) than in row planting (23%). Seedling age exerted no significant influence on hill density ( Table 2) ; but greater mortality of hills in farmers' plot accentuated the variation in hill density between farmers' practice and transplanting in row. Interaction effect between seedling age and planting method in respect of hill density was also significant but highly inconsistent.
Neither the seedling age nor the planting system created any significant difference in plant height ( Table 2) . Our results are in agreement with Amin and Haque [37] who observed no significant difference in plant height at 75 DAT onwards using seedlings of variable ages. Ali et al. [38] , however, found the highest plant height transplanting 30 d old seedlings compared to younger seedlings.
The number of hills per unit area was more in row planting than in farmers' traditional random transplanting system ( Table 2) . Wider spacing in the traditional planting reduced the number of hills per unit area. Despite larger number of seedlings transplanted per hill, traditional transplanting system did not produce greater number of tillers per hill. Increased number of hills per unit area with identical number of tillers per hill resulted in significantly larger number of tillers per unit area in row planting system. Interaction effect of seedling age and planting system on the number of hills•m −2 , tillers per hill, and effective tillers per hill were statistically significant. Row planting with 60 d old seedlings at 40 cm × 20 cm spacing resulted in higher number of hills per unit area and more tillers per hill which was closely followed by row planting with 45 d old seedlings. Aged seedling A. Hamid et al. 1543 with higher dry matter content and greater assimilatory system might have contributed to producing larger number of tillers. Tiller production is an important trait for yield formation in rice. Large variation in tillering capacity among varieties has been reported [39] . Indigenous variety Sadamota produced large number of tillers per hill that varied between 21.6 and 26.9 across treatments. Altering tiller production due to variation in agronomic practices has been reported earlier [40] . Number of tillers per hill tended to be higher in row planting than in farmers' practice but the difference was not statistically different. Number of effective tillers per unit area was more in row planting compared with farmers' practice. Cumulative effect of greater number of hills per hill and slightly larger number of tillers per hill contributed to significantly greater number of tillers per unit area in row planting system.
There was significant effect of seedling age, planting method and interaction thereof on yield and yield components of rice ( Table 3) . Averaged over planting methods, transplanting 60 d old seedlings increased grain yield by nearly 14% compared with 45 d old seedlings. Likewise, transplanting in rows at 40 cm × 20 cm spacing produced about 12% more grain yield than traditional planting. Interaction of seedling age and planting method increased grain yield ranging from 8% to 12%. The highest grain yield was obtained with transplanting 60 days old seedlings in rows at 40 cm × 20 cm spacing while the lowest yield with traditional transplanting of 45 d seedlings. Higher grain yield in row planting with 60 d old seedlings was associated with total spikelets per hill, spikelets per panicle and filled spikelets per panicle. Transplanting older seedlings increased spikelets per panicle by 12%. Row planting also increased spikelets per panicle by 11%.
There was a small but significant increase (3.38%) in grain weight per hill by planting 60 d old seedlings compared with 45 d old seedlings. Row planting increased grain weight per hill by nearly 10% compared with traditional practice. Interaction effect of seedling age and planting method on grain yield per hill was statistically significant but not consistent. Our results compare favorably with that of Ginigaddara and Ranamukhaarachchi [41] who reported that plant height, total number of tillers•hill , length of panicle, 1000 grain weight and harvest index did not vary among different 
Discussion
Higher yield in rice is associated with greater number of spikelets, higher seed setting rate and filling degree [42] . Lower yield potential of most indigenous rice cultivars and landraces might be due to lesser number of panicles per unit area, fewer spikelets per panicle, poor grain filling rate [13] [43]. Higher yield is often associated with high dry matter accumulation [32] , but high translocation rate after heading directly contributes to grain formation that eventually results in higher yield in cereal crops. Dry matter production per hill or per unit area was fairly high in our study (data not shown) thus the poor yield cannot be attributed to lack of adequate dry matter production. Poor translocation and partitioning of assimilates into grains might have reduced the grain yield. Relatively lower yield and exceedingly low harvest index in indigenous cultivars indicate the potential constraint of translocation of biomass to grains during grain filling stage. Grain filling percentage was high and seedling age at transplanting was found to have no significant influence on it. In our study, low yield was also associated with a fewer number of spikelets per panicle suggesting that major constraining factor in grain yield was the poor sink capacity. Seedling age induced variation in grain yield and associated traits are also related to cultivars [44] . The cultivar that we used in our study had high tillering potential and wide spacing maintained both in row planting and farmers' practice provided enough room for developing tillers and thus despite super sparsely planting [22] , the number of tillers and panicles at harvest was comparable to the optimal densities suggested for HYVs [13] . But the number of spikelets per panicle was much less compared to hybrids or HYVs. The number of spikelets per panicle is highly variable character [45] and largely influenced by environmental and management factors [46] . Any attempt to improving yield of indigenous rice will require increasing spikelets per panicle.
Conclusion
Transplanting 60 days old seedlings in rows at 40 cm × 20 cm spacing gave yield advantage of 12% -14% in traditional rice cultivar Sadamota. In the tidal floodplain of south central coastal region of Bangladesh where high yielding varieties are not suitable for cultivation, the traditional cultivars of aman rice will continue to dominate. Adopting the improved agronomic practices for indigenous rice varieties may substantially increase yield and profit.
